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Several clinical syndromes suggest that serotonin (5-ItT) may be associated 
with the excessive formation of fibrotic tissue. 
Several investigators consider  the hyperserotoninemia  of the carcinoid  syndrome 
at least partially responsible for the peculiar, predominately right sided subendocardial 
and myocardial fibrosis often seen in this syndrome (1-8). Retroperitoneal fibrosis 
(2, 3, 8)  and perivascular fibrosis (2) also have been described  in patients with the 
carcinoid syndrome. Endomyocardial fibrosis in Uganda has been associated with the 
diet staple of bananas which contain high concentrations  of 5-HT (9, 10). An associ- 
ation between 5-HT and fibrosis has also been considered to exist in scleroderma (11, 
12) and arthritis (13). 
Attempts at experimental stimulation of fibrosis by 5-HT have been inconclusive, 
however, chronic administration of 5-HT in different animal species by several inves- 
tigators has failed to produce fibrosis similar to that of the carcinoid syndrome (4, 5, 
14, 15). Chronic administration of 5-HT in the guinea pig, for example, failed to yield 
subendocardial  fibrosis, although subcutaneous  fibrosis did develop in these animals 
at the injection site after repeated daily injections of high doses of 5-HT (4, 15). 
Experiments which suggest that drugs which deplete tissue 5-HT have antiinflam- 
matory effects (16) lend support to the thesis. The finding that methysergide, a potent 
serotonin antagonist, may be associated with excessive amounts of fibrosis in certain 
patients with idiopathic retroperitoneal fibrosis is unexpected and difficult to explain 
(17). 
Since agents which affect the early exudative phase of the initial  inflamma- 
tory reaction alter the extent of subsequent fibroplasia (18), we have investi- 
gated the effect of 5-HT and certain related compounds on early inflammatory 
reactions using the cotton pellet granuloma technique of Meier (19) as modi- 
fied by others (20-22). 
* Supported in part by grants from the National Heart Institute and the National Institute 
of General Medical Sciences. 
Present Address: Departments of Medicine and Pharmacology,  McGill University, Mon- 
treal, Canada. 
501 502  5-ttT  AND  INFLAMMATORY  RESPONSE 
Methods 
Female albino Sprague Dawley rats (Carworth Farms, New City, N. Y.), weighing 100-150 
g, were used throughout this study. Rats were given free access to water and routine laboratory 
food. They were lightly anesthetized with intraperitoneal  pentobarbital  sodium, the abdomen 
shaved dean, scrubbed with surgical soap, and washed with 70% alcohol. Two sterile cotton 
pallets weighing 27-30 mg 4- 0.5 nag were individually implanted subcutaneously in the ventral 
abdominal area, well clear of the skin incision, which was then closed with stainless steel suture 
clips. 
On the following day the animals were treated with either drugs or normal saline. All doses 
of drugs were calculated in terms of free base and were administered subcutaneously over the 
dorsal aspect of the hind limb, far away from the ventral implantation  site of the cotton pel- 
lets. Mter either 2 or 7 days of therapy,  the animals were again weighed and sacrificed with 
ether. The cotton pellets along with the surrounding inflammatory tissue were carefully dis- 
sected from the surrounding tissue. The pellets were dried overnight at 60°C before weighing. 
The net increase in pellet weight was determined by subtracting  the tare weight of each in- 
dividual pellet. 
The adrenal  and thymus glands were removed promptly,  trimmed,  and the wet weight 
determined immediately. 
Adrenalectomized and sham-operated control Sprague Dawiey rats were purchased from 
the Carworth Farms. In these animals cotton pellets were implanted 1 wk after adrenalectomy 
or sham operation.  Adrenalectomized rats were given free access to saline drinking water 
throughout the period of observation. 
RESULTS 
The effect of serotonin  (5-HT),  5-hydroxytryptophan (5-HTP),  5-hydroxy- 
indolacetic acid (5-HIAA), and methysergide on the formation of granuloma- 
tous tissue  around subcutaneously implanted  sterile  cotton pellets  is summa- 
rized in Table I. Rats which received daily injections of normal saline (5 ml/kg 
body weight)  served as controls. 5-HT (10 mg/kg body weight)  administered 
subcutaneously each  day for  7  days significantly inhibited  the  formation  of 
granuloma  tissue,  mean  of 80.1  nag ±  1.6 compared to the  control mean  of 
42.5 mg 4- 3.8  (P<  0.01).  This inhibitory effect was easily visible at the time 
of removal of the implanted  pellet,  for the surrounding granulomatous  tissue 
was thin,  delicate,  and pale  compared with  the control.  Granulomata  in rats 
receiving the lower dose of 5-HT  (1 mg/kg) had normal appearance  and dry 
weight. 
Methysergide,  a  potent serotonin antagonist at the two dose levels studied, 
failed to alter granuloma weight significantly.  However, methysergide (1 nag/ 
kg) when administered  15 rain prior to 5-HT (10 mg/kg) completely abolished 
the inhibitory activity of 5-HT on granuloma weight and appearance. As shown 
in Table I, 5-HIAA, a major metabolite of 5-HT, and 5-HTP,  a  metabolic pre- 
cursor of 5-HT,  failed  to influence granuloma weight significantly. This gran- 
uloma-inhibiting effect of high doses of 5-HT does not support the thesis  that 
5-HT may cause fibrosis incertain situations. 
The  possibility  of adrenal  stimulation  by  serotonin  was  next  studied  by 
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moval of granulomas. The thymolytic effect of glucocorticoids is well recognized. 
The effect of 5-HT and methysergide on granuloma,  thymus, and adrenal 
weights is summarized in Table II. These observations were made at 2 and 7 
days after implantation of the cotton pellets. Saline-treated rats served as con- 
TABLE I 
Effect  of 7  Days'  Treatment  with  Serotonin,  Metkysergide,  5-Hydrox~ndolacetic  Acid  and 
5-Hydrozytryptophan on Granuloma Weight Using the Cotton Pellet Technique 
Treatment 
Saline  (5 rnl/kg) 
5-HT (I mg/kg) 
5-HT (10 mg/kg) 
Methysergide (I mg/kg) 
Methysergide (10 mg/kg) 
Methysergide (1 mg/kg) followed  in 15 rain by 5-HT (10 
mg/kg) 
5-HIAA (11 mg/kg) 
5-Hydroxytryptophan (13 mg/kg) 
No. of 
animals 
10 
10 
9 
10 
10 
10 
Mean body 
wt change 
g 
+7.1 
-t-8.3 
-{-4.1 
-{-4.9 
-{-5.2 
-{-2.0 
-t-8.1 
+8.5 
Granuloma 
weight  (dry wt) 
fag 4-SE 
42.5  4-  3.8 
41.5  4-  2.9 
30.1  4-  1.6" 
42.8  4-  3.1 
38.7  4-  2.1 
43.6  4-  4.1 
43.6 4-  3.3 
43.0 4- 3.2 
*  vs. saline--P < 0.01. 
TABLE II 
Effect of Serotonin and Methysergid~ on Granuloma  Adrenal, and Thymus Weights 
Treatment 
Saline  (5 ml/kg) 
Methysergide 
s-~  (1 ~) 
5-HT (10 mg/kg) 
Methyserglde (1 nag/ 
kg) followed by 5- 
HT (10 mg/kg) 
2 days' treatment after pellet implantation 
i 
N  G~ tulq  ~na 
¢i 
mg -t-, IR 
42.4  4-  1.3 
45.3  -4-  1.5 
42.3  4-  1.7 
36.6  4-  1.7' 
41.5  -4-  1.7 
Adrenal 
wet wt 
rag  .4- BR 
50.7  -4- 2.1 
53.8  -4-  2.2 
49.7  4- 2.I 
58.3  4- 3.65 
50.7  -4- 2.7 
Thymus 
wet wt 
rag  4- 8B 
339.2  -4-  20.9 
324.3  -4-  22.2 
304.7  -4-  28.4 
234.8  -4- 21.7" 
354.6  -4- 4.5 
7 days' treatment after pellet implantation 
Gral uloma 
N  dz~" wt 
rag  "~ SB 
10  45.4  4-  2.3 
10  41.3  4-  2.2 
8  42.9  4- 2.6 
8  40.1  4- 1.42~ 
10  41.0  4- 3.2 
Adren ~I 
wet v t 
rag  4-I1~ 
51.9  4-  1.9 
48.8  4-  1.8 
51.9  4- 3.1 
58.0  -4- 3.5~ 
48.3  .4-  1.9 
Thymus 
wet wt 
mg .4.8B 
337.4 4- 12.1 
278.1 4- 21.0 
300.3 4- 21.6 
211.8 4- 17.9' 
265.5 -4- 27.1 
N, number of animals. 
* vs. saline--P  <  0.01. 
vs. saline--P  <  0.05. 
trols. Methysergide (1 mg/kg) and 5-HT (1 mg/kg) again did not significantly 
alter granuloma weight.  In addition,  thymus and  adrenal  weights  were  not 
significantly different from control in these rats. 
The mean values for granulomas formed in rats after 2 and 7 days' treatment 
with 5-HT (10 mg/kg) were 36.6 mg 4-  1.7 (P <  0.01) and 40.1 nag 4- 1.4 (P 
0.05), respectively, as compared with the control granulomas  at 2 and 7 days, 
whose means were 42.4 mg 4-  1.3  and 45.4 mg 4-  2.3  respectively. Control 504  5-HT  AND  LN'FLAMMATORY  RESPONSE 
thymus weight was 339.2 mg -4- 20.9 at 2 days and decreased to a mean of 234.8 
nag -4- 21.7 (P <  0.01) after 2 daysof treatment with 5-HT (10 mg/kg), and to a 
mean of 211.8 mg 4- 17.9 (P <  0.01) after 7 days of treatment. 
The mean adrenal weight after 2 days of saline injection was 50.7 mg -t-  2.1. 
Adrenal weights increased to a mean of 58.3 mg 4- 3.6 (P <  0.05) after 2 days' 
administration of 5-HT (10 mg/kg), and to a mean of 58.0 mg 4- 3.5 at 7 days. 
Methysergide (1 mg/kg), administered subcutaneously 15 min prior to 5-HT 
TABLE III 
Effect of 5-HT on Granuloma, Adrenal, and Thymus Weights in Control Rats 
2 days' treatment after pellet implantation  7 days' treatment after pellet implantation 
Treatment 
Saline (5 ml/kg) 
5-HT (I mg/kg) 
5-HT (I0 mg/kg) 
19  Granuloma  I  Adrenal  [  wet wt  ~"  dry  wt  wet wt  ........  N  dry wt  wet wt  Thymus  T,r  Granuloma  Adrenal 
15  39.3  4-  1.5  [ 32.2  4-  2.9  [ 322.7  4-  19.5  [  8  [ 39.4  =t= 1.4  [ 44.1  ±  1.3 
10  40.1  4- 2.1  [ 38.0  4-  1.9  [ 317.6  4-  5.4  [  10[  38.7  4- 2.4  [ 42.4 4-  1.0 
34.7  4-  1.2"[ 41.2  4- 2.6" I 234.2  4-  15.7: I  10 ] 34.4  4-  1.2" I 45.7  4-  2.7 
Thymus 
wet wt 
m& 4-8E 
318.0  -4- 14.8 
288.7  4- 26.3 
132.1  4-  5.1~; 
N, number of animals. 
* vs. saline--P  <  0.05. 
:~ vs. sallne--P  <  0.01. 
TABLE IV 
Effect of 5-H T on Granuloma, Adrenal, and Thymus Weight* in Sham-Adrenalectomized Rats 
2 days' treatment after pellet implantation  7 days' treatment after pellet implantation 
Treatment 
SaLine (5 ml/kg) 
S-HI" (1 mg/kg) 
5-rrT (10 mg/kg) 
N  Granuloma  Adrenal  Thymus 
dry wt  wet wt  wet wt 
I  f~lg  4- ~E  I  fag .4- 8E  I  fag 4- 8E 
14 I 43.6 4-  1.1  I 39.5  4-  1.8  ]  363.2  -4- 15.7 
10  40.0 4-  1.3  37.9  4-  1.4  340.9 --I- 14.4 
19 135.1  4-  1.2"  I 43.9  -4- 1.7  ]290.1  ..4-- 11.3" 
N[  Granuloma  [  Adrenal  Thymus 
dry  wt  wet wt  wet wt 
--  ~  mg  -4- 8E  l  mg-4-SE  I  rag  -4-~E 
10 I 49.5 -4- 1.9 I 43.8 -4- 1.4 I 388.2 4-4- 18.1 
7  ! 49.3  ..4- 3.4  I 41.6  4-4- 1.3  I 383.9  -4- 15.4 
11147.5  4-4- 2.3145.1  4-  1.61258.3  4-  10.7" 
N, number of animals. 
* vs. sallne--P  <  0.01. 
(10 mg/kg), again blocked the granuloma-inhibiting effect of 5-HT and also 
blocked 5-HT changes in thymus and adrenal weights. 
These studies confirm the observation that 5-HT induces hypertrophy of the 
adrenal gland (10,  12),  which may then secrete higher levels of steroids, with 
resultant thymolytic and antiirdtammatory activity. It is possible that the anti- 
inflammatory effects of such endogenous glucocorticoids may mask any direct 
inflammatory or fibrosing effect of 5-HT. The possible masking effects of adrenal 
stimulation were eliminated by studying the effect of 5-HT in adrenalectomized 
rats.  Sterile cotton pellets were implanted into adrenalectomized, sham-oper- 
ated, and control rats in the manner described above, except that less pento- JOSEPH  R.  BIANCHINE  AND  NORMAN  R.  EADE  505 
barbital  was  required for anesthesia  in  the adrenalectomized rats.  In  these 
experiments the pellets were implanted I wk after adrenalectomy or sham opera- 
tion. 
The results of these experiments are summarized in Tables III, IV, and V. In 
Table III, the thymolytic effect of 5-HT (10 mg/kg)  is clearly evident after 
both 2 days and 7 days of administration. For example, after 7 days of this dose 
of serotonin, the thymus weight decreased from 318.0 nag 4- 14.8 to 132 mg 
5.1  (P <  0.01). 2 days and 7 days of treatment with 5-HT (10 mg/kg)  again 
significantly inhibited  the formation of granuloma  tissue  around  the  cotton 
pellet. This dose of 5-HT significantly increased the size of adrenal glands over 
control after 2 days of treatment but not after 7 days. 
TABLE V 
Effect of 5-tit on Granuloma  and  Thymus Weights in Adrenalectomized  Rats 
2 days' treatment after pellet  7 days' treatment after pellet 
implantation  implantation 
Treatment 
N  Granuloma dry  wt  Thymus wet wt  N  Granuloma  dry  wt  Thymus wet wt 
Saline (5 ml/kg) 
5-HT (1 mg/kg) 
5-HT (3 mg/kg) 
5-HT (10 mg/kg) 
115 
9 
9 
7 
•g  -4- sE 
45.9  q-  1.5 
43.5  -4-  1.5 
45.4 -4- 2.4 
60.3  -4- 3.0* 
rag  -~ SE 
481.6 ±  16.6 
539.2 -4- 27.6 
485.6  ±  21.5 
385.0 ±  23.7* 
mg ~  SE 
59.0  -4- 4.1 
63.0 -4- 2.4 
58.6 -4- 2.5 
78.1 4- 4.1" 
m& :l: sE 
506.8 -4- 20.3 
491.8  -4- 31.6 
519.4 -4- 31.7 
475.1 -4- 25.5 
N, number of animals. 
* vs. saline--P  <  0.01. 
The ability of 5-HT (10 mg/kg) to inhibit granuloma weights or cause hyper- 
trophy of adrenal glands in sham-operated animals is not as clearly interpreted 
as in the control groups of animals in Table III (see Table IV). For example, 
the mean control granuloma weight after 2 days of saline was 43.6 mg q-  1.1. 
Mter 2 days of treatment with 5-HT (10 mg/kg) the mean granuloma weight 
was 35.1 mg q-  1.2  (P <  0.01). Similarly, this dose of 5-HT significantly de- 
creased the mean thymus weight to 290.1 mg -4- 11.3 (P <  0. 01) compared to 
the control mean of 363.2 mg q- 15.7. Despite the clear evidence that 5-HT had 
a  thymolytic effect, the adrenal glands in sham-operated rats which received 
5-HT (10 mg/kg),  although heavier than  control, were  statistically different 
only at a level of P  <  0.05. 
In sham-adrenalectomized rats  treated with  5-HT (10 mg/kg)  for 7  days 
after pellet implantation, both granuloma and adrenal weights changed in the 
expected direction but not to a statistically significant degree. This dose of 5-HT 
did, however, significantly decrease the thymus weight. 
The effects of 5-HT on granuloma and thymus weights in adrenalectomized 506  5-HT  AND  INFLAMMATORY  RESPONSE 
rats are summarized in Table V. An additional dose of 5-HT (3  mg/kg)  was 
studied since adrenalectomized rats have been reported to be more sensitive to 
the toxic effects of 5-HT than control rats (23), but the adrenalectomized rats 
in the present study tolerated 5-HT up to and including 10 mg/kg well. 
5-HT (1 mg/kg and 3 mg/kg) failed to alter significantly either granuloma 
weight or thymus weight from control levels. However, 5-HT (10 mg/kg) sig- 
nificantly increased  the  granuloma  formation  around  the  implanted  sterile 
cotton pellet after both 2 and 7 days of therapy. For example, the mean granu- 
loma weight in adrenalectomized rats treated with saline for 7 days was 59.0 
mg ±  4.1, while the mean granuloma weight after 7 days of 5-HT (10 mg/kg) 
was 78.1 mg ±  4.1 (P <~ 0.01). Inaddition, it is interesting tonote that adrenal- 
ectomy per se appears to stimulate granuloma formation, for the largest granu- 
lomata in saline-treated animals were seen in adrenalectomized rats. 
DISCUSSION 
The object of these studies was to determine if 5-HT enhances the inflamma- 
tory response to a standard stimulus. The cotton pellet technique of Meier (19) 
as modified by others (20-22) provides a  quantitative measure of modifying 
factors in this inflammatory process. Since it is well known that factors which 
influence the extent of initial inflAmraatory reactions, may also regulate the ex- 
tent of subsequent fibroplasia (18), we hope that studies of the effect of 5-HT on 
the early inflammatory response may provide a  clue to 5-HT effect in  fibro- 
plasia or fibrosis occurring over prolonged periods. 
The initial experiments revealed that  5-HT  (10 mg/kg  body weight)  sig- 
nificantly inhibited the formation of inflammatory tissue reaction to the im- 
planted cotton pellet rather than augmenting this response. 
Winter (22), Steelman (21), and others have found that certain compounds  which 
inhibit granuloma formation actually produce this  effect indirectly by stimulating 
the adrenal gland  to secrete  antiinflammatory glucocorticoids. Since these  steroids 
also  have thymolytic activity, they have found thymus weights  to be a  sensitive 
indicator of adrenal activity. 
In the next series of experiments,  the weights of the adrenal and thymus glands 
were recorded in addition to the granuloma  tissue formed. 5-HT (10 mg/kg) again 
inhibited the formation of granuloma tissue after 2 and 7 days of treatment. However, 
this inhibitory effect appeared to be mediated via the adrenal axis, since significant 
atrophy of the thymus gland and adrenal hypertrophy were noted. 
The effect of 5-HT on adrenal and other endocrine  activities  has been  recently 
reviewed by Garattini (24). Both direct and indirect evidence strongly suggest that 
5-HT stimulates  the secretion of adrenocortical  hormones (12, 25-27). Our data con- 
firm in still another indirect manner that 5-HT stimulates  the adrenal gland to hyper- 
trophy and to secrete  hormones  with  thymolytic activity. The precursor of 5-HT 
(5-hydroxytryptophan) is apparently ineffective in stimulating  adrenal function (24). 
Our data agree with this finding, in that 5-hydroxytryptophan  did not alter granuloma 
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Franchimont and associates  (28) found that 5-HT inhibited the formation of fluid 
exudate in  the  Selye granuloma pouch technique,  while  Georges and Herold (29) 
reported that 5-HT inhibited the edema reaction to dextran injections in the foot of 
the rat. Both these reports indicate that 5-HT has antiinflammatory effects, but the 
mechanisms of these effects were not investigated by either group. Penn and Ashford 
(20), using the cotton pellet technique coupled with a dye indicator method for meas- 
uring capillary permeability, found that the immediate increase (10-15 rain) in capil- 
lary permeability which follows pellet implantation is inhibited by 5-HT. 
Ashford and Penn (30) recently demonstrated that development of granulomata 
in adrenalectomized  rats is inhibited if pellets were implanted on the day of adrenalec- 
tomy, but potentiated if pellets were implanted 7 days later. Our data confirm this 
augmentation effect of adrenalectomy on granuloma formation when  cotton pellets 
are implanted 7 days after adrenalectomy. In addition, it is clear that 5-HT (I0 mg/kg) 
further enhanced this granuloma formation. 
Since 5-HT augments granuloma formation in adrenalectomized rats, it may 
conceivably increase later fibrosis. A major deterrent to speculation relating this 
finding in rats to fibrosing reactions in man is the very large doses of 5-HT re- 
quired to produce these effects in the rat. The effective dose of 5-HT is well 
within the reported J-950 in rats using subcutaneous routes (115 mg/kg) (23, 31, 
32), although minimal level tubular dilatation has been noted when this dose is 
given over 10 days. Higher doses may cause significant renal damage (15,  33, 
34). The only other rat tissue which is greatly influenced by the dose of 5-HT 
effective in the present study is the stomach, where mucosal lesions have been 
observed (33). 
Another complicating factor is that  adrenalectomized rats are more sensi- 
tive to the hypotensive and hypothermic effects of 5-HT. While these effects 
are marked at doses higher than those used in our experiment, moderate effects 
have been noted at 10 mg/kg (23). The adrenalectomized rats in the present 
study appeared grossly to tolerate 10 mg/kg as well as control rats. 
Methysergide,  a  potent  serotonin antagonist,  has  been associated  in man 
with the development of idiopathic retroperitoneal fibrosis (17). Since this ac- 
cumulation of fibrotic tissue in the retroperitoneal space may in some way be 
related to serotonin, we also studied the effect of methysergide on granuloma 
formation. Methysergide alone (1 mg/kg and 10 mg/kg) failed to alter granu- 
loma formation. However, methysergide (1 mg/kg), when administered 15 rain 
prior to 5-HT (10 mg/kg), prevented the inhibitory effect of 5-HT on adrenal 
secretion. These results thus provide no explanation for the possible relation- 
ship between methysergide and retroperitoneal fibrosis. 
SD'M~ARY 
The cotton pellet technique was used to evaluate the effect of 5-HT and cer- 
tain related compounds on granuloma formation in the rat. 5-HT (10 mg/kg) 
significantly decreased  granuloma  formation,  significantly  increased  adrenal 508  5-HT AND  INFLAMMATORY  RESPONSE 
weight,  and  significantly  decreased  thymus  weight  in  normal  rats,  and  sig- 
nificantly decreased granuloma formation and thymus weight in sham-operated 
rats.  On  the other hand,  5-HT (10 mg/kg) significantly  increased granuloma 
weight in adrenalectomized rats. 
Methysergide (1 mg/kg) blocked the inhibitory effect of 5-HT on granuloma 
formation as well as the changes in weight of adrenal and thymus glands. 
5-HIAA (11 mg/kg) and 5-HTP (13 mg/kg) failed to alter granuloma forma- 
tion. 
The advice and encouragement  of Dr. Louis Lasagna is gratefully acknowledged. Methyser- 
gide was generously supplied by Sandoz Pharmaceuticals, Hanover, N. J. 
BIBLIOGRAPHY 
1.  Bates, H. R., and R. F. Clark.  1963. Observations on the pathogenesis  of carcinoid 
heart disease and the tanning of fluorescent fibrin by 5-hydroxytryptamine and 
ceruloplasmin.  Am. J. Clin. Pathol 39:46. 
2.  Eder, M., and A. Schauer.  1959. Untersuchungen zur fibrosierung  beim carcinoid. 
Beitr. Pathol.  Anat. Allgem.  Pathol. 121"375. 
3.  Hallen, A. 1964. Fibrosis  in the carcinoid  syndrome. Lancet.  1:746. 
4.  MacDonald,  R.  A.,  S.  L.  Robbins,  and  G. K.  Mallory.  1958. Dermal fibrosis 
following subcutaneous injections  of serotonin creatine sulfate.  Proc. Soc. Exptl. 
Biol. Med. 97:334. 
5.  Peart, W. S. 1965. The carcinoid syndrome. In Symposium on Advanced Medicine. 
N. Compston, editor. Williams  and Wilkins  Co., Baltimore. 380. 
6.  Roberts, W. C., and A. Sjoerdsma.  1964. The cardiac disease associated with the 
carcinoid  syndrome. Am. J. Med. 36:5. 
7.  Thorson, A. 1958. Studies  on carcinoid  disease. Acta. Med. Scand.  Suppl. 334:1. 
8.  Thorson, A.,  G. Biork,  G. Bjorkmas, and J. Waldenstrom.  1954. Malignant car- 
cinoid  of the small  intestine with metastases to the liver,  valvular disease on 
the  right side  of  the  heart  (pulmonary stenosis  and  tri-cuspid  regurgitation 
without septal defects),  peripheral vasomotor symptoms, bronchoconstriction 
and  an  unusual  type  of  cyanosis.  A  clinical  and  pathologic syndrome.  Am. 
Heart J. 47:795. 
9.  Asboe-Hansen, G. 1956. Serotonin  and connective  tissue. Nature. 178:262. 
10.  Crawford,  M. A.  1963. Endomyocardial  fibrosis  and  carcinoidosis,  a  common 
denominator. Am. Heart J. 66:273. 
11.  Hay, D. R.  1964. Malignant carcinoid  syndrome with scleroderma.  New Zealand 
Med.  J. 63:90. 
12.  Zarafonetis, C. J. D., S. H. Lorber, and S. M. Hanson. 1958. Association of func- 
tioning  carcinoid  syndrome and  scleroderma.  1. Case report. Am. J. Med. Sci. 
236:1. 
13.  Smyth, C. J., O. B.  Gum, and P.  K. Hamilton.  1962.  Effects of intra-articular 
serotonin and competitive amines on connective tissue  proliferation in rabbit 
joints.  J. Lab. Clin. Med. 60:492. 
14.  Ahmed, F.  S., and  C. V. Harrison.  1964. Morphological  effects of serotonin on JOSEPH R.  BIANCHINE AND  NORM.AN R.  EADE  509 
pulmonary  arteries:  an  experimental study  in  rabbits.  J.  Pathol. Bacteriol. 
87:325. 
15.  MacDonald, R. A. 1959. Pathogenesis of lesions induced by serotonin. Nutritional, 
vascular, autoradiographic and comparative studies  using epinephrine.  Am. J. 
Pathol. 85:297. 
16.  Bhatt, K. G. S., and R. K. Sanyal. 1963. Association of histamine and 5-hydroxy- 
tryptamine with the inflammatory process. J. Pharm.  Pharmacol. 15:78. 
17.  Graham, J. R., H. I. Suby, P. R. LeCompte, and N. L. Sadowsky.  1966. Fibrotic 
disorders  associated with methysergide therapy  for headache.  New Engl.  J. 
Med. 274".359. 
18.  Dumont,  A.  E.  1965. Fibroplasia:  a  sequel  to  lymphocyte exudation.  In  The 
Inflammatory Process.  B.  W.  Zweifach,  editor.  Academic  Press,  New York. 
535. 
19.  Meier, R., W.  Schuler,  and P.  DeSanlles.  1950. Zur fragge des mechanisms der 
hemmung des bindegewebswachstums  dutch cortisone.  Experientia.  6:469. 
20.  Penn, G. B., and A. Ashford.  1963. The inflammatory response  to implantation 
of cotton pellets in the rat. Y. Pharm.  Pharmacol. 15:798. 
21.  Steelman, S. L., R. M. Evan, and R. H. Silber. 1963. An improved assay for the 
simultaneous  determination  of  the  biological  activities  of  antiinflammatory 
steroids.  Steroids. 1:163. 
22.  Winter, C. A. 1964. Anti-inflammatory testing methods: comparative evaluation 
of indomethacin and other agents, l~xcerpta Med. Intern. Congr. Set. 82. 190. 
23.  Garattini, S., L. Lamesta, A. Mortari, V. Palma, and L. Valzelli. Pharmacological 
and  biochemical  effects of 5-hydroxytryptamine in adrenalectomized rats.  3". 
Pharm.  Pharmacol.  13:385. 
24.  Garatfini, S., and L. ValzeUi. 1965. Serotonin. Elsevier Publishing Co., Amsterdam. 
25.  Connors,  M.,  and H.  Rosenkrantz.  1962. Serotonin  uptake and  action on  the 
adrenal  cortex.  Endocrinology. 71:407. 
26.  Fiore-Donati, L., L.  Pollice,  and L.  Chieco-Bianchi.  1959. Response of adrenal 
and preputial glands of rats to administered 5-hydroxytryptamine. Experiergia. 
15:193. 
27.  Verdesea,  A.  S,,  C.  D.  Westerman,  R.  S.  Crampton,  W.  C.  Black,  N.  I. 
Nedeljhovic,  and J.  B. Hilton.  1961. Direct adrenocortical  stimulating  effect 
of serotonin.  Am. J. Physiol.  201:1065. 
28.  Franchimont,  P.,  H.  van  Canwenberge,  and  J.  Lecomte.  1961. Action  de  la 
s6rotonine  (5-HT) et d'un de ses ~nhibiteurs, I'UML 491,  sur le d6veloppoment 
des r6acfions granulomateuses chez le rat. Compt. Rend.  Soc. Biol.  155:432. 
29.  Georges, G., and M. Herold. 1957. Influence de la s6rotonine sur l'o6deme plantaire 
au dextran chez le rat. Compt. Rend. Soc. Biol. 151:695. 
30.  Ashford,  A.,  and  G. B.  Penn.  1965. Effect of adrenalect~my on cotton pellet 
granuloma formation in the rat. J. Pharm.  Pharmacol. 17:10. 
31.  Freyburger, W. A., B. E. Graham, M. M. Rapport, P. H. Slay, W. M. Govier, 
O. F. Swoap, and M. J. Vander Brook. 1952. The pharmacology of 5-hydroxy- 
tryptamine. J. Pharmacol. Exptl.  Therap.  105:80. 510  5-HT  AND  INFLAMMATORY RESPONSE 
32.  Tammisto,  T.  1965. The acute toxicity of 5-hydroxytryptamine in anesthetized 
rats. Ann. Med. Exptl. Biol. Fenniae. (ltelsinki). 43:1. 
33.  Fiore-Donati, L.,  and  V.  Erspamer.  1957.  Studies on  the  nephrotoxicity of 5- 
hydroxytryptamine (enteramine) in the rat. Am. J. Pathol.  33:895. 
34.  Jasmin,  G., and P.  Boise.  1960. Effect of various agents on the development of 
kidney infarcts in rats treated with serotonin. Lab. Invest. 9:503. 